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During the 1990s, the Department of Energy (DOE) established that the facilities 
and infrastructure (F&I) of the DOE Weapons Complex were aging and not well 
maintained. Due to a lack of effective investment, conditions were declining. 
Following the formation of the National Nuclear Security Administration (NNSA) 
in 1999, DOE/NNSA placed a high priority on quantifying and correcting historical 
F&I neglect within the Nuclear Weapons Complex. In FY 2001, NNSA presented 
the Defense Programs Facility and Infrastructure Assessment to the House Energy 
and Water Development Committee as a first step to define the Facility Management 
Plan to halt and correct the deterioration within the complex. 

To provide clear expectations, identifying and correcting deferred maintenance were 
a primary focus. Deferred maintenance is “maintenance that was not performed when 
it should have been or was scheduled to be and which, therefore, is put off or delayed 
for a future period.”

At the Deferred Maintenance Reduction Summit of 25 July 2002, NNSA NA-52 
established a clear commitment by NNSA Headquarters and each field site, both 
federal and M&O contractor, to the NNSA corporate goals of deferred-maintenance 
reduction. Those goals are as follows: 

• By the end of FY 2005, NNSA will stabilize its deferred maintenance. 
• By the end of FY 2009, NNSA will

— Aggressively reduce deferred maintenance to within industry standards
— Return our facility conditions, for our programmatic facilities and specific other 

important infrastructure at a minimum, to an assessment level of “good to 
excellent”

— Have institutionalized responsible and accountable facility management 
processes, including budgetary ones, so that the condition of NNSA facilities and 
infrastructure is maintained equal to or better than industry standards

Under the leadership of the House Committee on Energy and Water, the NNSA 
Facility and Infrastructure Recapitalization Program (FIRP) was funded to achieve 
these goals. Within the FY 2002 language, NNSA was to initiate pilot projects in the 
areas of successful site planning and cost-effective maintenance management. The 
goal of the pilot projects is to provide models to improve F&I management practices 
within DOE.

In the spring of 2003, the DOE Office of Engineering and Construction 
Management (OECM) requested the NNSA Laboratory Site Operations Office 
at Lawrence Livermore National Laboratory (LLNL) to work with the Laboratory 
to document its Facility Management and Reinvestment Program. This report 
summarizes the processes, practices, and top-level accomplishments of LLNL’s ten-
year effort to continuously improve its site and facility management program to 
better support the Laboratory’s national-security mission. More details, as well as 
specific plans and accomplishments, are documented in the Ten Year Comprehensive 
Site Plan submitted annually to DOE/NNSA.

Introduction
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Lawrence Livermore National Laboratory recently passed the half-century mark 
since its beginnings in 1952, and the Laboratory’s aging F&I are undergoing 
revitalization, recapitalization, and renewal. At Livermore, we have met the NNSA 
FY 2005 goal of stabilizing backlog growth and are on track to attain our goal, 
mandated by NNSA, of meeting industry maintenance standards by the end of 
FY 2009. Our ability to advance to this goal is a result of several years of analyzing 
difficult institutional issues and developing tools and work processes to manage this 
undertaking efficiently and effectively. 

About seven years ago, Livermore conducted the Cost Cutting Initiative (CCI), 
a yearlong reengineering project to establish effective infrastructure management 
processes by integrating dialogue, tools, incentives, management processes, and 
controls to ensure success. CCI resulted in an overhead reduction of more than 25%. 
From these savings, about $8M1 of seed funding was provided to improve the quality 
of Laboratory facilities. 

The benefits of this reengineering project were synthesized with those of several other 
initiatives and led to the evolution of an effective management process. This process 
has provided Livermore with a better understanding of the critical measures for 
making a facility management system work. After a significant effort, growth in the 
backlog has been stabilized through the Laboratory’s innovative Facility Management 
and Reinvestment Program. Table 1 summarizes the key process elements of this 
program. 

Extending this process to move from stabilization to significant backlog reduction 
was made possible by the DOE/NNSA Facility and Infrastructure Recapitalization 
Program. FIRP is a corporate initiative to make significant improvements in F&I, 
thereby enabling NNSA and the Laboratory to better meet their national-security 
missions. 

1All costs are stated in burdened dollars, except the Laboratory facility charge (LFC), which is stated as an 
unburdened rate.

Background
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Table 1. Key elements of a successful site planning and maintenance management program.

• Senior management who are committed to safe, cost-effective, and mission-
responsive facility management

• An independent champion who strategically manages the institutional facility 
investment portfolio and facilitates action for beneficial change to normalize 
rankings and maintain the integrity of the maintenance process

• Knowledgeable facility “owners” who assure safe operation of their real-property 
systems and understand the operational requirements of these systems

• A culture that encourages constructive innovation and enhanced productivity

• Independent programmatic and facility management chains with defined roles, 
responsibilities, and authorities for programmatic, real-property, and associated 
facilities and systems

• Active and effective dialogue and planning between programmatic and facility 
management teams to identify the facility investments required to support new 
mission capabilities or to modify existing facility assets to accommodate changes 
in facility requirements

• A working partnership between the M&O contractor and its sponsoring agency

• Efficient space-management processes:
  —to manage excess space in a safe and cost-effective manner
  —to clean up and demolish substandard facilities with environmentally and 

  economically sound processes
  —to establish an equitable space tax as an incentive to use space efficiently
• Processes and procedures (e.g., DOE orders) that facilitate the use of the 

safest, most efficient, and most cost-effective tools and methods to achieve the 
performance required by the mission

• Integrated external and self-assessment processes to provide feedback and 
improve planning and controls

• A valid process and system for assessing facility conditions

• Centralized expertise to execute a well-integrated maintenance management 
program

• An integrated model with transparent metrics to track and evaluate actual 
progress and to project the expected gains from future investments

• Aggressive resource management to establish budgets, track funding, and 
evaluate results

• Systems to identify all real-property assets, evaluate their mission importance, 
and determine their reliability or probability of failure

• Well-integrated processes to capture and prioritize all the elements that make up 
the total facility investment and management portfolio

Leadership

Partnership

Planning and Controls

Execution

Background
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Developing a System That Works

During the last decade, Livermore has made accountable, cost-effective facility 
management an important element of its institutional culture. Integrating the key 
elements of the management program shown in Table 1 into routine work has led 
to a set of work processes that work well at the Laboratory. A summary of these work 
processes follows:

• A formalized burden structure was established to track and better manage 
the operational costs of program management, personnel, and facilities.

• Business and management processes were developed to understand the total 
operating budget and the relative balance between funding for the technical 
mission and for infrastructure support.

• A process and system were developed for assessing facility conditions and 
documenting deferred maintenance. LLNL worked with DOE to pilot the 
concept of the condition assessment survey (CAS) and the condition assessment 
information system (CAIS).

• The position of institutional facilities manager (IFM), a senior manager 
who reports to the deputy director, was created to strategically manage the 
Laboratory’s facility investment portfolio and facilitate improvements in the 
facility management process.

• A continuously improving, well-prioritized, real-property maintenance program 
with a conscious, visible goal of minimizing negative impacts to the Laboratory’s 
critical missions was developed and executed to ensure that any occurrences of 
untimely failures or lack of reliability are rare events. At Livermore, this process 
is centralized in and managed by the Plant Engineering organization. 

The results have been significant. The maintenance reinvestment funds have grown 
to almost $13M annually, due to productivity improvements that were stimulated 
by the initial seed funding. The Laboratory facility charge (LFC), which was adjusted 
in FY 1998 to provide the initial reinvestment funding, has remained constant in 
annually inflated dollars. By FY 2002, growth in the maintenance backlog had been 
stabilized, and during the last five years, projected high-priority, mission-critical 
maintenance has been well-defined and performed each year. In FY 2003, the total 
cost of the remaining backlog that has accumulated over the years is about $318M. 
Although not all of this work will—or should—be done, most of the remaining 
deficiencies will most likely become important in the next ten years. 

Internally available funds are inadequate to effectively manage a problem this large. 
DOE/NNSA’s recognition that unmanageable backlogs are a complex-wide problem 
led to the creation of the Facility and Infrastructure Recapitalization Program. 
This visionary initiative is committed to restoring and reestablishing world-class 
status to the Weapons Complex by FY 2009. Many of the tools, processes, and 
models discussed here can be adapted to make FIRP goals a reality throughout the 
DOE/NNSA complex.
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Good Tools and Wise Investments Evolve into “Promising Practices” 

The steps taken by Laboratory managers to stabilize Livermore’s maintenance 
backlog have stemmed the deterioration of infrastructure such as roofs; heating, 
ventilation, and air conditioning (HVAC) systems; and boilers. These successes led 
the Government Accounting Office (GAO) to cite the Laboratory’s “most promising 
practices” for real-property maintenance and to offer those practices as an example 
for other federal facilities (GAO/NSIAD-99-100 [September 1999]). 

These practices include the following:

Establish a single system for counting and categorizing real-property inventory.
In collaboration with DOE, Livermore has adopted and supported the facility 
information management system (FIMS) to identify, characterize, and report all 
real-property data. This system captures required and actual maintenance each year. 
An example of a FIMS data sheet is shown in Figure 1.

Have a single, valid, engineering-based system for assessing facility conditions, with 
adequately trained personnel and multiple levels of review. 
The master equipment list captures all real-property assets and associated equipment 
in all Laboratory facilities. Expert technical personnel evaluate each asset or system to 
establish its condition and projected reliability. This evaluation, the CAS, examines 
one-third of Laboratory assets every year. The CAS captures all deficient assets, 
adds new deficiencies, and tracks completed corrections (see Figure 2). LLNL has 
been working as a partner with DOE Headquarters since 1991 to develop and pilot 
CAS/CAIS. The process and system that were developed have been extremely useful 
maintenance management tools for the Laboratory. Facility managers receive CAS 
reports annually for each of their facilities to ensure their concurrence with the 
reports. (See Appendix A for several other examples of CAS reports available to 
Plant Engineering and facility operators.)

Currently, the total number of deficiencies in the CAS is about 12,000 (captured in 
1500 pages of evaluation sheets). Users review the data for each facility to establish 
the mission importance of each deficient system or component, and Plant Engi-
neering estimates the probability of the unit’s failure. In collaboration with the IFM, 
Plant Engineering ranks each deficiency for funding priority. Figure 3 illustrates the 
outcome of the initial ranking process in 1998. From this process, about 10% of the 
total backlog was identified for short-term correction. The annual update identifies 
250–350 high-priority projects that are to be funded and corrected in the following 
year and projects the maintenance requirements for the following two years.
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Prioritize budget allocations based on physical condition, relevance of facilities 
to the mission, and life-cycle costs and budgets.
CAS reports are used each year by Plant Engineering, the IFM, and facility managers 
to rank the mission impacts of potential asset failures, the probability of failure, and 
any other factors that could impact the Laboratory’s mission. The input from this 
joint evaluation is used to rank deficiencies on a scale from A to F and to prioritize 
all available funds for deficiency correction (see Figures 4 and 5).

• Essential backlog goals:
 — A projects are the highest priority and are corrected as soon as possible. 
 — B projects are corrected in less than a year. 
 — C projects are corrected within three years. 
• D and E projects are observed and may migrate over time into the essential 

backlog. 
• F projects, typically associated with excess facilities waiting for demolition 

funding, are funded only if correction is required to prevent an environmental 
or safety problem. (This process is summarized in the Laboratory’s FY03 
Ten Year Comprehensive Site Plan [Appendix A, LLNL Facilities Management 
Case Study.])

At the end of the fiscal year, the CAS captures the total maintenance backlog, which 
lists all maintenance deficiencies that have not been funded historically because 
of a lack of funds. Since 1998, approximately 20% of the annual LFC funding 
has been applied to maintenance reinvestment (backlog reduction). This level 
of internal investment has stabilized Livermore’s maintenance backlog at $318M 
in FY 2003 dollars.

Charge an annual maintenance fee, based on the amount of square feet used, 
to ensure adequate funding for facilities and to create an incentive for space 
conservation. 
The Maintenance Management Program derives its funds from a single annual fixed 
cost, the LFC, per gross square foot of facility space. This cost is charged to each 
facility occupant. In FY 2003, the LFC rate is $7.97 per square foot to maintain 
approximately 6.9M gross square feet of facilities, including maintenance reinvest-
ment and pre-D&D cleanup of contaminated legacy facilities. This tax matches the 
level of work required to maintain and operate the Laboratory’s real property without 
creating unintended negative impacts on programmatic work. The tax is also high 
enough to provide an incentive for facility owners to use space efficiently.

Facilities managed under Readiness in Technical Base and Facilities (RTBF) funding 
pay this same space charge for real-property maintenance. In FY 2002, RTBF paid 
$3.84M in LFC charges.

Space that is no longer needed can be returned to the institution after all program-
matic equipment and hazards have been removed by the occupant program. Useful 
space is generally reassigned; excess space that will not be reassigned is managed 
under a surveillance and maintenance plan. When most maintenance functions have 

Good Tools and Wise Investments Evolve into “Promising Practices” 
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Figure 4. A mission impact–probability of failure matrix used by Plant Engineering and facility operators to 
rank the funding priority of each deficiency. The IFM office integrates the ranking, resolves any conflicts, and 
tracks the budget and schedule for reinvestment funds. The prioritization process culls the critical mainte-
nance requirements (i.e., the essential backlog), which are about 20% of the total. As described in the body 
of this report, the goal is to quickly correct the most important elements of the essential backlog and address 
the entire essential backlog within a three-year window.

Good Tools and Wise Investments Evolve into “Promising Practices” 
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been terminated, the space tax is reduced to 40% of the LFC until the building is 
demolished. Any maintenance required to maintain environment, safety, and health 
requirements is then paid by the institution—a process that is managed by the IFM 
office for the institution.

As of FY 2003, over 500,000 square feet of surplus facilities have been returned to 
the institution for reassignment or demolition. Planned demolitions started in 1994, 
and to date, almost 400,000 square feet have been demolished.

Within the projected FIRP funding plan, the Laboratory expects to demolish most of 
its present and expected excess facilities by FY 2011. Success in this plan will reduce 
costs and risks while providing new building sites without increasing square footage, 
consistent with NNSA goals for footprint reduction (see Figure 6).

Figure 6. Managing aging and excess facilities requires an aggressive demolition effort. This map illustrates 
the demolition of about 400,000 square feet of facilities since 1994 and the planned demolitions in FY 2003 of 
about 60,000 square feet. Many of the later demolitions have been older, concrete facilities with a history of 
handling hazardous materials.

Good Tools and Wise Investments Evolve into “Promising Practices” 

56
75

Summary data: FY 1994 through FY 2002

Year Facilities Gross sq. ft.

FY 1994 8 27,907

FY 1995 9 5,467

FY 1996 46 116,832

FY 1997 13 28,137

FY 1998 15 22,028

FY 1999 7 24,881

FY 2000 5 7,268

FY 2001 15 27,811

FY 2002 9 127,322

Total 127 387,653

FY 2003 demolition plans (as of 3/03)

Facility Gross sq. ft. Status

B222C 22,000 Planned

B222N 22,000 Planned

T1478 7,131 Planned

B328A 684 Planned

T2626 1,591 Planned

T2629 6,377 Planned

Facilities demolished or removed in FY 1994–2002

Facilities for demolition in FY 2003
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Set up a single real-property maintenance budget that is controlled by a central 
office with the power to shift resources to facilities in the greatest need. LFC 
maintenance indirect funds are restricted to the maintenance and operations of 
real property.
Plant Engineering applies the LFC funds to maintain all real-property buildings and 
to operate associated infrastructure assets. (High-voltage systems are one exception; 
their maintenance costs are covered by the customer recharge for electric power.) 
The LFC is managed by Plant Engineering in collaboration with customers and 
the IFM office. This centralized management structure ensures that the LFC and 
all other available funds are used to correct the highest priority, mission-significant 
problems (see Figure 7). The LFC tax is levied on space used by any and all Lab-
oratory programs, independent of the programmatic office; therefore, real-property 
maintenance costs and benefits are distributed equitably on the basis of need and use.

The maintenance of programmatic equipment is generally covered in RTBF or other 
direct funding and does not compete with real-property maintenance.

Figure 7. During the five years of maintenance and backlog prioritization, the basic trends on the most critical 
systems have remained at manageable levels. (These ranking data are presented in the dollars of the fiscal 
year at the time of prioritization.) As the most critical deficiencies are corrected, the systems that need correc-
tion in about three years (C projects) have demonstrated significant growth, reflecting a shift in viewing mission 
impact from failure to loss of reliability.
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The LFC cost profile is evaluated annually to track trends in repair, reinvestment, 
preventive maintenance, operations, organizational management, and all other 
investments. During the past five years, the reinvestment process has stabilized 
repairs, and the annual cost is approaching a nearly constant value that is necessary to 
maintain the Laboratory’s F&I without backlog growth (see Figure 8).

Good Tools and Wise Investments Evolve into “Promising Practices” 
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Figure 8. A summary of trends from the maintenance reinvestment effort during the last five years. Efforts to 
achieve our goal of reducing untimely and expensive repairs by replacing older, unreliable components and 
systems in the backlog seem to be working.
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Windowing
Each year, a multidisciplinary crafts team schedules a “maintenance window” for 
each Laboratory building. Most low-value (less than $2000) deficiencies and 
preventive-maintenance requirements are completed during a focused project 
that also repairs any other unreported deficiencies found during the maintenance 
window. The CAS is then updated, as appropriate. The cost of a typical repair during 
the maintenance window averages about $20. In contrast, when a single repair 
requirement is requested, the cost for the assignment, response, and corrective-
action process averages about $120. Thus, our windowing process is credited with 
eliminating several thousand small work orders (Whiz Tags) each year and saving 
over $1M per year.

Service agreements
We have created service agreements that establish local management review points 
for Whiz Tags. These reviews ensure that any provided maintenance is consistent 
with the requirements and expected life of the larger system. Before a major repair 
is executed, the task is reviewed at a predetermined cost threshold. If the component 
is scheduled for replacement in the near future, the repair is scaled back so that 
service is maintained until the component can be replaced. In the HVAC system 
area, service agreements with an $800 threshold saved over $1M (20% of the 
projected budget) in the first year. Service agreements have been developed in 
FY 2003 for 30 additional system areas. Results will be evaluated over the next year 
to ensure the cost-effectiveness of the service agreements in each system area. 

Facility assessment and ranking system (FAaRS)
To better evaluate the overall condition of the Laboratory’s facilities, each building 
is evaluated annually using 11 categories for the building’s mission importance, 
health or viability, and adaptability for future missions. This evaluation process, 
known as the facility assessment and ranking system (FAaRS), is an excellent tool 
for identifying trends that will lead to substandard conditions if corrections are not 
implemented. Tracking the health of a building (i.e., its age, maintenance backlog, 
technological obsolescence, and code deficiency assessments) highlights critical 
opportunities to upgrade an existing facility before the appropriate rehabilitation 
becomes too expensive.

Innovations in Space Management



Lawrence Livermore National Laboratory  15

 The Laboratory’s FIRP and Maintenance Reinvestment Progress

After five years of investing in backlog stabilization, the Laboratory has substantially 
eliminated growth in the total maintenance backlog. In late FY 2001, Livermore 
began applying NNSA FIRP funding to begin reducing the maintenance backlog. 
The tools developed for the preexisting LLNL reinvestment process were directly 
applicable. In particular, the modeling tools were of exceptional value for tracking 
progress and measuring, stabilizing, and reducing the backlog. 

Each FIRP or other reinvestment project has been tracked for schedule and cost-
effectiveness. As illustrated in Figures 9a and b, FIRP funding—if continued as 
projected through FY 2011—will enable LLNL mission-essential facilities to meet 
industry standards by FY 2009 and will position the Laboratory to maintain this 
level of quality in the future.

Summary

A long-term and ongoing commitment to develop and apply effective facility 
management processes has enabled Lawrence Livermore National Laboratory to 
maintain its mission-critical F&I and establish the level of funding required for 
doing so in the long run. Historical neglect has left a large maintenance backlog that 
must be managed; FIRP has provided the necessary funds to solve this complex-wide 
problem. As discussed earlier in this report, by applying a set of processes that were 
developed internally or borrowed from other successful government and industrial 
organizations, Livermore has demonstrated significant progress in stabilizing backlog 
growth and, with FIRP, predictable reductions in the total backlog over the planned 
FIRP funding cycle. 

The results of this maintenance program have been documented in greater detail 
in the NNSA/LLNL Ten Year Comprehensive Site Plans. These results show 
that maintenance and operations is one component of the total site and facility 
management process that strives to provide appropriate, reliable, and cost-effective 
F&I to enable the Laboratory to meet its programmatic missions.
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Figure 9. To track maintenance reinvestment progress, the backlog with and without investment was captured 
and plotted over time. Essential maintenance was tracked as part of the process. Estimates of the follow-
ing were developed and refined: the growth of new maintenance, the average migration rate of low-priority 
backlog to a higher priority within the essential maintenance, all sources of funding for future years, projected 
demolitions, project development, execution costs, burdens, schedules, and any other factor that may impact 
the management of the maintenance process. (a) The Laboratory’s past, present, and projected backlog within 
the present maintenance reinvestment, Facility and Infrastructure Recapitalization Program funding projec-
tions, and any other known sources of funding (e.g., line item, general plant projects, etc.). (b) Livermore’s 
past, present, and projected facility condition index (FCI) scores. (FCI, the ratio of annual backlog projections 
in [a] to the replacement plant value [RPV] of all Laboratory mission-essential facilities and infrastructure, is 
an industrial measure of the health of a site’s facilities and infrastructure. FCI scores below 5% are in the good 
industrial practice range; scores below 2% are in the best practice range.) 
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To analyze the approximately 12,000 deficiencies in the condition assessment 
survey, several reports are commonly used. One sample report (Figure 2) is used 
in prioritization. Sample report A-1 summarizes the deficiencies of a specific 
building, while sample report A-2 captures all of the Laboratory’s deficiencies in the 
work breakdown structure (WBS). (This interim report will incorporate FY 2003 
investments and deficiency corrections in September 2003 to define the backlog 
at the end of the fiscal year.) 

Appendix A
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Report A-1

Appendix A
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Report A-2

Appendix A
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Appendix A
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Appendix A

*Mid-year total without correction for ongoing annual investments




